Background: To assess whether domestic kitchen hygiene is an important contributor to the development of diarrhoea in the developed world.
Background
Globally, diarrhoeal disease is estimated to affect some 4.5 billion people annually of whom an estimated 1.8 million will die, the large majority of these being children under the age of 4 years [1] . Although primarily a problem of developing countries diarrhoeal disease is also still a common problem in developed countries [2, 3] . Although in developing countries the major cause of diarrhoeal disease is though to be due to contaminated drinking water in the developed world the main cause is either person to person transmission or foodborne [4, 5] .
Much public health legislation and activity has been directed at improving food hygiene in order to reduce the burden of foodborne disease in developed nations. However, one area where it has been difficult to legislate for is food hygiene practices in the home. Nevertheless direct advertising of home hygiene products has been strong for at least the last 50 years [6] . Some authors have been convinced of the evidence that a substantial proportion of foodborne disease is attributable to improper food preparation practices in consumers' homes [7, 8] . One study estimated the proportion of food poisoning to be attributable to cross-contamination in the household kitchen to be 20% for Salmonella, 30% for Campylobacter and 40% for E. coli O157:H7. Based on this assessment the authors went onto argue that a targeted in home environmental disinfection campaign would be highly cost effective.
What is clear is that personal hygiene in the form of handwashing with soap or a substitute for soap is strongly protective of diarrhoeal disease risk in both developing and developed countries [9, 10] . However, in a recent review, the point was made that evidence that home hygiene is protective against diarrhoeal disease comes largely from developing countries and or for situations out of the home [9, 11] . There has been very few studies looking at the impact of in-home hygiene practices in developed countries. No formal systematic review has been conducted to assess the importance of household hygiene and issues surrounding food handling, preparation and storage practices and the development of diarrhoea in the developed world.
The objectives of this review were to examine if household hygiene in relation to food preparation, food handling and food storage practices are important contributors to the development of diarrhoea in developed countries.
Methods
Criteria for considering studies for this review Both observational and intervention studies were included in this review. Those studies whose participants were households, children or adults from developed countries were included. Those types of exposure identified were around household, especially kitchen, hygiene and cleanliness or concerned food preparation and storage practices at home. The outcomes included were either self reported diarrhoea with no associated pathogen identified or cases of diarrhoea with a known enteric pathogen identified. Studies that looked only at hand washing or drinking water as factors were excluded. Studies conducted during outbreak investigations were also excluded.
Search methods for identification of studies
The following databases were used with the search terms stated below: 
Selection of Studies
Each publication was independently assessed by two of us, with the third involved to resolve disagreements. The initial search identified 1378 studies. After independent screening of the titles, 378 studies were identified which was further narrowed to 48 studies following review of the abstracts and hard copies of these studies were obtained. In addition to the formal search, Web of Knowledge was searched to identify whether papers citing or cited by chosen papers were relevant, 14 studies were finally included in subsequent analyses. Of the 14 studies included in this systematic review, 11 were case-control studies [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] , 2 cross-sectional surveys [23, 24] , and 1 RCT. (Table 1 ) [25] .
Data collection
A pre-piloted data extraction form (available from the authors) was used to extract and record data from the included studies. Key data that was extracted include subject characteristics, location, outcome (diarrhoea) and exposure (food storage, food handling, food preparation and hygiene practices), timing of exposure in relation to outcome, the obtained results and final conclusions.
In addition to the published studies, the primary data from the UK Intestinal Infectious Disease study was obtained from the UK Data-Archive [26] . From this data set the two files relating to Case Control study of people attending their General Practitioner with diarrhoea were extracted and merged. The UK Intestinal Infectious Disease study was a large prospective study of diarrhoeal disease. As part of this study a cohort of volunteers were followed up for six months in order to determine the population incidence of self-reported diarrhoea. This was compared with the incidence of diarrhoea as estimated from prospective surveillance of patients attending general practice and also from national surveillance data. The study was funded by the England Department of Health and has been described in detail elsewhere [3, 16, 27] . One element of this study was to identify risk factors in patients attending their family doctor with intestinal illness. Each case recruited into the study was matched by age and sex to another patient registered at the practice and both case and control asked to complete a lengthy questionnaire.
Methodological Quality Assessment
Methodological quality assessment was based largely on whether or not the results were controlled for possible confounding variables. Low quality studies did not control for any confounding, medium quality studies controlled for age and gender, and high quality studies controlled for multiple confounding variables. If the exposure date was self-reported rather than observed then the quality score dropped one grade. The randomised controlled trial was not scored.
Data Analysis
It was the intension to conduct meta-analyses of the data from published work. However, the heterogeneity of outcome measures, risk factors reported and indeed whether Odds Ratios were even presented prevented a meta analysis. All Odds Ratios were as given in the primary publication, though the reciprocals are presented for some such that any increased risk associated with poorer hygiene would give an OR of >1.0.
This GP case control data component of this study was analysed using StatsDirect version v 2.6.2 [28] . All hygiene related variables were analysed using conditional logistic regression for each predictor variables alone. For ordinal predictor variables the p value was calculated for trend as recommended by Agresti [29] . Further analyses were done on variables significant at p < 0.2 level and adjusted for the key potential confounding variables. The potentially confounding variables were contact with a person with diarrhoea outside of the home, visit overseas and living in rented accommodation which were derived from conditional logistic regression of non-hygiene and nonfood consumption variables.
Results
The results for the systematic review are shown in the Additional file 1. There was only one high quality study, nine medium and three low quality studies. The overwhelming consistency was that the vast majority of studies showed no association between markers of poor kitchen hygiene and the disease outcomes. Studies that showed any statistically significant result were one that reported a low hygiene score indicated increased risk of diarrhoea due to Rotavirus infection (OR 1.5 95% CI 1.1-2.1) [12] . This hygiene score reported cleanliness of cutting boards as an important independent factor, together with four other variables, e.g. duration of keeping eggs. However, rotavirus is an infection that is generally spread by person-to-person transmission rather than by food. The other studies with significant results were in low quality studies where there was inadequate attention to possible confounding variables and inadequate multivariable analyses. In one of these studies two of the three significant variables gave counter-intuitive significant associations with poor hygiene practices being associated with reduced risk. All other studies were not significant, although where ORs were given there was a general trend towards improved hygiene being associated with reduced illness, though confidence intervals were generally very wide.
There was only one randomised controlled trial [25] . The two arms of this study looked at using disinfectant or an identically packed sham product in kitchen cleaning. This RCT did not find any significant evidence that use of dis- infectant in kitchen hygiene was protective against self reported diarrhoea. In the one case-control study that tested the association with the use of antibacterial agent and disease there was also no statistical association [13] .
The results of the re-analysis of the UK IID study are shown in Table 1 . There was no association in the adjusted analyses between self-reported diarrhoea and most variables indicative of increased risk of cross-contamination in the domestic kitchen (pet ownership, sharing a WC, sharing a kitchen, small length of work surface, owning a dishwasher, soaking nappies in kitchen, cleaning chopping board between raw and cooked foods and using the same cloth for wiping all surfaces in the kitchen). Factors associated with a lower risk of selfreported diarrhoea were not using separate chopping boards for raw and cooked meats (OR 0.803; 95%CI 0.648 -0.994) or for other raw and cooked foods (0.741; 0.599 -0.919). The factor associated with a higher risk was storing food anywhere in the fridge other than on the bottom shelf (1.419; 1.155 -1.742).
Variables likely to be associated with bacterial regrowth in foods were also not associated with self-reported diarrhoea (owning a fridge or freezer, not storing foods for later in a fridge; packing frozen foods together for transport home) or were associated with a reduced risk of illness; only sometimes following food storage instructions (OR 0.721; 95%CI 0.556 -0.933). On the other hand, normally cooling food on the work surface rather than a refrigerator was associated with a reduced risk (0.704; 0.552 -0.897).
Discussion
In both the systematic review and in the re-analysis of the UK IID study, little evidence was found to suggest that environmental hygiene practices in domestic kitchens reduce the morbidity rates of diarrhoeal disease. Indeed for several variables poor hygienic practices (using the same chopping board for raw and cooked meats and other raw and cooked foods) were negatively associated with illness. One potentially relevant risk factor linking cross contamination and increased disease risk was storing meat in a fridge other than on the bottom shelf. However, given the number of potential factors analysed it is difficult to draw any firm conclusions either way.
It should be noted that there was only one intervention study; the use of disinfectant in home cleaning compared to cleaning with a product with no disinfectant and that also did not find a significant effect. However, this study compared cleaning with and without a disinfectant product and did not compare cleaning with not cleaning.
One of the problems with this systematic review was that observational studies included used several different risk factors and used different endpoints. The risk factors for Salmonella, Campylobacter, Norovirus, Rotavirus and self-reported diarrhoea are likely to be different [30] . However, most episodes of diarrhoeal disease affecting people living in developed nations are probably due to viruses which are almost exclusively human only pathogens. Having said that, included in the review were papers that considered both Salmonella and Campylobacter infections, the commonest two bacterial causes of food poisoning. In none of these studies was kitchen hygiene factors associated with any increased risk.
One other problem when trying to identify risk factors from observational studies is that authors often do not list all potential risk factors included in the questionnaire if they are not statistically significant. This will lead to an under ascertainment of negative relative to positive studies. However, even if negative studies were missed this is unlikely to change the basic conclusions in this case.
In the re-analysis of the UK IID study, the most surprising finding was the counter-intuitive associations found. The issue of negative associations between potential risk factors and disease outcome has been discussed elsewhere [31] . In the context of this study, it is likely that negative associations were probably due to confounding in that the results were adjusted for only three, albeit highly significant, predictor variables. It is highly probable that if a full multivariate model was constructed all these associations would have become not significant. Indeed this was the case in one of the larger case-control studies in the review where generally protective associations in univariable analyses were not included in the final multivariable model [21] . One of the potential explanations for negative associations between risk factors and an infectious disease outcome is that frequent exposure to low dose exposure may protect against disease through development of increased immunity. There is some evidence for this hypothesis [32, 33] . However, it is premature to suggest that this is the case in this situation.
When considering the questions that had been asked in the various studies to assess kitchen hygiene it became clear that the effectiveness of the questions varied depending on what their were attempting to quantify. It seems to us that those questions that attempted to assess the risk of cross-contamination would have been quite effective (e.g. use of the same chopping board for raw and cooked meet, use of the same cloth for all work surfaces). However, it seemed to us that there were few questions asked that would give a good estimate of the adequacy of thawing foods prior to cooking or the adequacy of cooking practices.
A further issue is the problem of recall bias in case control studies [34] . The particular problem is differential recall bias where cases are more likely than controls to recall an exposure thought by them to be the cause of their illness. However, such differential recall would more likely increase the apparent significance of any particular risk factor. On the other hand, it is possible that people with unhygienic domestic kitchens and hygiene practices may over estimate their personal hygiene. If this was the case then strength of any statistical association would be reduced.
If poor domestic kitchen domestic hygiene is not a risk factor for food poisoning, this raises the issue of what factors within the home are responsible for home transmission. Domestic acquired food poisoning can be due to purchase of ready to eat foods that are already contaminated. This is most obvious in outbreak settings [35] [36] [37] .
There are many studies world-wide that have identified risk factors for sporadic food poisoning. The most common such risk factors have included consumption of raw or under cooked meat, poultry and eggs [38] [39] [40] [41] [42] [43] [44] .
This review also raises the question of why the findings from this study appear to be so different from previous estimates [7, 8] . In particular, the study that estimated the high proportion of disease preventable by in home disinfection is worth re-considering [8] . This study was funded by a disinfection manufacturer. The authors based their estimate on a mixture of expert opinion and the sole (low quality) study that found a strong association between kitchen hygiene and disease outcome [22] . In this context expert opinion was canvassed by asking a panel of experts to estimate the disease burden attributable to poor domestic kitchen hygiene. In their review of the literature, the authors did not include any of the other five (negative) and generally higher quality studies published before 2003 [13, [15] [16] [17] 19] . All of these studies would have been available to inform their estimates. The discrepancy between our findings and the outcome of an expert opinion exercise also raises concerns about the value of expert opinion in estimating disease attribution. The sources of error in expert opinion have been discussed elsewhere [45] . It seems to us that two sources of systematic bias are particularly worth mentioning. Firstly, people responsible for bringing together expert panels may consciously or sub-consciously choose people who they believe will lean towards one conclusion or another. Secondly, experts themselves may consciously or sub-consciously inflate the importance of their special area of interest by over-estimating the proportion of disease attributable to their area of expertise. There is a need to reassess how expert opinion is canvassed for risk assessment and, indeed, policy discussions. There is also an argument that expert opinion panels should be drawn up by people independently of the main researchers who may have vested interests and that panels are deliberately chosen to include experts known to have divergent opinions.
Conclusion
In conclusion this review does not support the hypothesis that poor general environmental hygiene in the domestic kitchen is a risk factor for Salmonella, Campylobacter or selfreported diarrhoea. There is evidence that poor kitchen hygiene may be a risk factor for Enterohemorrhagic E. coli but this was a single low quality study with few cases and no adequate control for possible confounding [22] . However, all the data with one exception were based on observational studies and consequently no unequivocal conclusions can be drawn at this stage. It is doubtful that the impact of domestic kitchen hygiene will be firmly resolved based on cases control studies. We would argue that there is a need for properly conducted prospective cohort or randomised intervention studies to really investigate the contribution of particular domestic kitchen hygiene practices may or may not have on the risk of diarrhoeal disease.
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